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What is claimed is: 

1. A non-oxide powder of which at least about 40% by mass is 
comprised of a plurality of tightly agglomerated compositions, each 
of said tightly agglomerated compositions comprising a plurality of 
primary particles tightly agglomerated together, wherein said 
primary particles have an average size in a range of about 1 
nanometer to about 500 nanometers. 

2 . A non-oxide powder of claim 1 wherein for each tightly 
agglomerated composition, at least about 60% of its constituent 
primary particles are within 2.25dN 1/3 nanometers of at least about 
60% of its other constituent primary particles, wherein N represents 
the number of primary particles in the tightly agglomerated 
composition, and wherein d represents the average size of the 
primary particles in the tightly agglomerated composition. 

3 . The non-oxide powder of claim 2 wherein said primary particles 
are selected from the group consisting of metals, intermetallics , 
metal matrix composites, ceramics, and non-metals. 



4. The non-oxide powder of claim 3 wherein, for each tightly 
agglomerated composition, at least about 60% of its constituent 
primary particles are within 2.25dN 1/3 nanometers of all its other 
primary particles . 



5. The non-oxide powder of claim 3 wherein, for each tightly 
agglomerated composition, at least about 50% of its constituent 
primary particles have sizes not deviating by more than a factor of 
2 from the average size of its constituent primary particles, and at 

5 least about 90% of its constituent primary particles have sizes not 
deviating by more than a factor of 4 from the average size of its 
primary particles . 

6. The non-oxide powder of claim 3 wherein, for each tightly 
agglomerated composition, at least about 80% of its primary 
particles are within 2.25dN 1/3 nanometers of at least about 80% of its 
other primary particles . 
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7 . The non-oxide powder of claim 3 wherein each of said tightly 
agglomerated compositions are comprised of at least 2 0 of said 
primary particles agglomerated together. 

8. The non-oxide powder of claim 7 wherein, for each tightly 
agglomerated composition, at least about 60% of its primary 
particles are not closer than dN 1/3 nanometers of at least about 60% 
of its other primary particles . 

9. The non-oxide powder of claim 3 wherein at least about 75% by 
mass of said powder is comprised of said tightly agglomerated 
compositions . 

10. The non-oxide powder of claim 3 wherein at least one of said 
tightly agglomerated compositions further comprises^ an secondary 
material within which the primary particles of said at least one 
agglomerated composition are encapsulated. 

11} The non-oxide powder of claim 10 wherein said secondary 

terial is selected from the group consisting of salts and 
polymers . 

12 . The non-oxide powder of claim 11 wherein each of said tightly 
agglomerated compositions further comprises a secondary material 
within which its primary particles are encapsulated. 

13 . The non-oxide powder of claim 11 wherein said powder has an 
encapsulation efficiency in the range of about 10% to about 99% by 
mass . 

14 . The non-oxide powder of claim 13 wherein said powder has an 
encapsulation efficiency in the range of about 70% to about 99% by 
mass . 





The non-oxide powder of claim 3 wherein said primary particles 
are selected from the group consisting of metals. 
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The non- oxide powder of cla>im 18 wherein said primary 
rticles are selected from the grolip"^consisting of valve metals. 



y^il^S The non-oxide powder of claim 16 wherein said primary 
^particles are tantalum. 



18. The non-oxide powder of claim 17 wherein each of said tightly 
agglomerated compositions has a specific surface area in the range 
of about 1 m 2 /g to about 70 m 2 /g. 

"1L9?\ The non-oxide powder of claim 16 wherein said primary 
particles are ni obium . 




20. j The non-oxide powder of claim 15 wherein said primary 

articles are selected from the group consisting of refractory 
metals . 




21 J The non-oxide powder of claim 3 wherein said primary particles 



re selected from the group consisting of carbon and boron. 



The non-oxide powder of claim 3 wherein said primary particles 



are selected from the group consisting of ceramics , 



23 J The non-oxide powder of claim 3 wherein said primary particles 
v a-re selected from the group consisting of intermetallics . r-* 





The non-oxide powder of claim 3 wherein said primary particles 



are selected from the group consisting of metal matrix comp 



osites . V 



2 5/. The non-oxide powder of claim 3 "wherein said powder has a 
primary particle purity based on metal contaminants of less than 
about 10,000 parts per million by mass. 



26. The non-oxide powder of claim 25 wherein said powder has a 
primary particle purity based on metal contaminants of less than 
about 1000 parts per million by mass . 
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27. The non-oxide powder of claim 26 wherein said powder has a 
primary particle purity based on metal contaminants of less than 
about 50 parts per million by mass. 

28. The non-oxide powder of claim 1 wherein said primary particles 
have an average size in the range of about 1 nanometer to about 100 
nanometers . 
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29. A method of producing agglomerated suhjmicron particles, said 
method comprising: 

nucleating a plurality of primary particles in an environment 
of a desired temperature and comprised of k vaporous secondary 
material / 

creating a mixture of a plurality of encapsulated primary 



particles and a plurality of unencapsulat/ed primary particles by 
condensing said secondary material upon"! fraction of said primary 
particles once at least two of said primary particles have grown to 
10 a size in the range of about 1 nanometefr to about 500 nanometers, 
wherein said fraction is about 1/5 or /.ess; 

controlling the temperature of s/aid environment while said 
encapsulated primary particles scavenAe said unencapsulated primary 
particles such that (1) a plurality c/f encapsulated primary particle 
15 clusters are created, each encapsulated primary particle cluster 

comprising a plurality of co-encapsufrated primary particles, and (2) 
said co-encapsulated primary particles in said encapsulated primary 
particle clusters sinter. 



/ 30. The method of claim &9\wn^re/in said primary particles are 
selected from the group Cj6n$isfe^Lfy<£ of metals, intermetallics , 
ceramics, metal matrix composites/, and non-metals. 

31. The method of claim 30 wherein said secondary material is 
selected from the group consist iirig of salts and polymers. 



32. |The method of claim 31 wherein said nucleating step comprises 
Lng a vaporous reactive mdtal and a metallic halide or halides 
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in a reaction zone having a gas environment, said reaction producing 
said primary particles and said seconpary material. 




33 .y The method of claim 32 wherein/ said reacting step comprises 
■introducing a continuous flow of a said vaporous reactive metal and 
a continuous flow of said vaporous /netallic halide into said 
reaction zone for flame synthesis. 




34. / The method of claim 33 wherain said introducing step comprises 
controlling the rate of flow, temperature, and/or composition of one 
or both of said vaporous reactive/ metal and said vaporous metallic 
halide such that said co-encapsulated primary particles in said' 
encapsulated primary particle clusters sinter. 

35. The method of claim 29 wherein said fraction is about 1/5 or 
less . 

36. A method of producing agglomerated submicron particles, said 
method comprising: 

creating a vaporous mixtiure of a desired pressure and 

temperature and comprising at /least a vaporous primary material and 

a vaporous secondary material/,- and 

controlling the pressure and temperature of said vaporous 

mixture to (1) grow discrete /primary particles of said primary 

material to a size within the range of approximately 1 nanometer to 

approximately 500 nanometers/, (2) condense said secondary material 

upon less thar\ ail of said primary particles once at least two of 

said primary pa^rtici^es has drown to said size, thereby creating a 

I ^ 

f encapsulated primary particles and a 



mixture of a plu 
plurality of une 
encapsulated pri 
primary particles, 
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apsulat 



primary particles, (3) allow said 
Les to scavenge said unencapsulated 
thereby :reating a plurality of primary particle 
clusters, each primarV particle cluster comprising an encapsulated 
primary particle and at least one scavenged primary particle, and 
(4) sinter s aid primary particles in said primary particle clusters. 



37. The method of claim 36 wherein said primary material is 
selected from the group consisting of/ metals, intermetallics , metal 
matrix composites, ceramics, and non/metals. 



38. The method of claim 37 whereim said secondary material is 
selected from the group consisting ibf salts and polymers. 

39. A method of producing agglomerated submicron particles, said 
method comprising: / 

mixing a gaseous reactive metal with a metallic halide in a 
closed reaction zone having a gag environment, thereby creating a 
reaction, said reaction producing a plurality of nucleating primary 
particles and a condensable secondary material; and 

creating a plurality of primary particle agglomerations by (1) 
controlling the temperature and/ pressure of said environment to be 
greater than condensation level for said secondary material and (2) 
reducing the temperature of at/ least a portion of said environment 
to thereby force the condensation of said secondary material upon a 
fraction of said primary particles once at least two of said primary 
particles have grown to a siae in the range of about 1 nanometer to 
about 500 nanometers, wherein said fraction is about 1/5 or less, 
and wherein said temperature/ is controlled such that at least some 
of said primary particles upon which said secondary material has 
condensed sinter with other/ primary particles to thereby form an 
agglomeration of primary particles. 



40. The method of claim B9 wherein said creating step includes 
controlling the temperature and pressure of said environment such 
that the time between collisions of said primary particles in said 
environment issxiess than a coalescence time for said primary 
particles . f\^\ I 

41. The method of\elaim 39 wherein said fraction is about 1/5 or 
less. \\ 

42. The method of cla:Mn 39 further comprising controlling the 
duration of the creating step such that said primary particles are 
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partially encapsulated for an encapsulation efficiency in the range 
of about 10% to about 99% by mass. 

43. The method of claim 39 further comprising controlling the 
duration of the scavenging mode such th^ft all of said primary 
particles are encapsulated. 



The method of claim 3 9 wherein s/aid primary particles are 

taritalum particles, and wherein said treating step includes 

controlling the temperature of said Environment to be within a range 
of about 600°C to about 1500°C. 
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45. A method of producing agglomerated submicron particles, said 
method comprising: 

synthesizing discrete primary particles in the presence of a 
vaporous secondary material, all within a gas environment; and 

thermodynamically controlling the condensation of said 
secondary material to (1) encapsulate less than all of said primary 
particles once said primary particles grow to a size within the 
range of approximately 1 nanometer to approximately 50 0 nanometers, 
thereby producing a mixture lot a plurality encapsulated primary 
particles and a plurality ok unencapsulated primary particles, and 
(2) allow the encapsulated /primary particles and unencapsulated 
primary particles to colli/de with each other and sinter to form 
encapsulated agglomerations of primary particles. 



46. The method of claifm 45 wherein said primary particles are 
selected from the groura consisting of metals, intermetallics , 
ceramics, \me>^al matrix/ composites , and non-metals. 




4 7 . The me 
lected frc 



Laim 46 wherein said secondary material is 
the ^rdup consisting of salts and polymers. 



4 8^. The met! 

ntroducing a 
flow of a vapord 
synthesis . 



of /claim 47 wherein the synthesizing step includes 
intii^uous flow of a vaporized halide and a continuous 
reactive metal into a burner for flame 
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49. The method of claim 47 wherein s a y£ thermodynamic ally 
controlling step includes control ling^t he sintering of said primary 
particles that have collided withveach other such that the time 
between collisions of said prijprary particles is less than a 
coalescence time for said primary particles . 

~S(K The method to f Vaim 4 7 wherein said primary particles are 
tajvfcalum particle^f and wherein said thermodynamic controlling step 
includes controlling the temperature of said environment to be 
within a ra^fge of about 600°C to about 1500°C. 

51. A powder comprising: 

a plurality of primary particles, each primary particle having 
a size in the range of about 1 nanometer to about 500 nanometers; y 
and 

5 a secondary material within which at least some of said 

primary particles are encapsulated. 

52. The powder of claim 51 wherein a plurality of said primary 
particles are agglomerated together. 

53. The powder of claim 52 wherein between about 10% and about 
100% of said primary particles are encapsulated in said secondary 
material . 

54. The powder of claim 53 wherein said primary particles are 
selected from the group consisting of metals, intermetal lies , metal 
matrix composites, ceramics, and non-metals. 



55. The powder of claim 54 wherein said secondary material is 
selected from the group consisting of salts and polymers . 

56\ The powder of claim 5 5 wherein said primary particles are 
sel/ected from the group consisting of metals. 

57. / The powder of claim 56 wherein said primary particles are 
selected from the group consisting of valve metals. 



/ 
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fssT^\ The powder of claim 57 wherein said primary particles are 
"Han^alum. 

The powder of claim 58 wherein said agglomeration of tantalum 
:les has a specific surface area in the range of about 1 m 2 /g to 
about 7 0 m 2 /g. 

K 60. ) The powder of claim 56 wherein said primary particles are 
^sjel^ected from the group consisting of refractory metals. 




'61. j The powder of claim 55 wherein said primary particles are 
Lected from the group consisting of carbon and boron. 



62 . ) The powder of claim 55 wherein said primary particles are 
^s^e^ected from the group consisting of ceramics. 



The powder of claim 55 wherein said primary particles are 
^-selected from the group consisting of intermetallics . 



64 A The powder of claim 55 wherein said primary particles are 
^_se4ected from the group consisting of metal matrix composites. 

^K^^^^ P ° W( ^ er ° f claim 55 wherein said secondary material is 

66. The powder of claim 55 wherein said secondary material is 
removable - 




61 .J A capacitor-grade powder of which at least about 40% by mass 
is comprised of a plurality of tight agglomerations of primary 
particles, each tight agglomeration comprising at least 20 primary 
particles, said primary particles having an average size in the 
range of about 1 nanometer to about 2 00 nanometers and being 
selected from the group consisting of valve metals, wherein for each 
of said tight agglomerations, at least about 60% of its constituent 
primary particles are within 2.25dN 1/3 nanometers of at least about 
60% of its other constituent primary particles, wherein N represents 
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10 the number of primary particles in the same tight agglomeration, and 
wherein d represents the average size of said primary particles . 





68. / The capacitor-grade powder of claim 67 wherein said powder has 
a" primary particle purity based on metal contaminants of less than 
about 1000 parts per million by mass. 

The capacitor-grade powder of claim 67 wherein at least one of 
tight agglomerations further comprises a secondary material 
within which the primary particles of that tight agglomeration are 
encapsulated, said secondary material being selected from the group 
consisting of salts and polymers. 

'70. / The capacitor-grade powder of claim 67 wherein said powder has 
-a-rf encapsulation efficiency in the range of about 70% to about 100% 
by mass . 
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A method of producing metal mat/rix composites, said method 
ising : 

synthesizing discrete primary /part icles in the presence of a 
vaporous secondary material, all wythin a gas environment; 

thermodynamically controlling the condensation of said 
secondary material to thereby encapsulate a fraction of said primary 
particles once at least two of said primary particles have grown to 
a size within the range of approximately 1 nanometer to 
approximately 500 nanometers, tiiereby creating a mixture of a 
plurality of encapsulated primary particles and a plurality of 
unencapsulated primary particl/es, wherein said fraction is about 1/5 
or less; 

Lated primary particles to an 

unencapsulated primary particles, 
^ulated primary particles to react with 
|t to form a plurality of dispersion 



exposing sa 
environment reacti 
thereby causing sai 
said reactive gas 
particles ; 

exposing said en 
dispersion particles 



jinencapsi 



ith sad 



l a Pf 



ronn 



apsulated primary particles and said 
to\^ n^n- reactive environment; 
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20 removing said secondary material from said encapsulated 

primary particles in said non-reacfive environment; and 

consolidating said primary pferticles with said dispersion 
particles to thereby form a metal /matrix composite. 

The method of claim 71 whetfein said primary particles are 
ifected from the group consisting of aluminum, copper, magnesium, 
titanium, zinc, and alloys and qombinations thereof. 





73 . / The method of claim 72 wherein said secondary material is 
-selected from the group consisting of salts and polymers. 



74. The method of claim 73 w/herein said reactive environment is 
comprised of gas selected from the group consisting of (1) oxygen, 
(2) air, (3) nitrogen, (4) am/nonia, (5) boron trichloride, (6) 
carbon tetrachloride, (7) some combination of gases (1) - (6) , and (8) 
some mixture comprised of anf/ of said gases (1) - (7) mixed with an 
inert gas . 

75. The method of claim 14 wherein said step of exposing 
unencapsulated primary particles to said reactive environment 
further comprises exposing said encapsulated primary particles to 
said reactive environment/, wherein said reactive environment is not 
reactive with said secondary material. 
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76. A metal matrix composite comprised of: 

at least about 50% by mass of a plurality of encapsulated 
primary particle agglomerations, each encapsulated primary particle 
agglomerated^ comprising a plurality of agglomerated primary 
particles a^c\ secondary material within which its primary 

) sulfated; and 
ice comprising a plurality of dispersion particle 

each dispersion particle agglomeration comprising a 
agtilomeJated primary particles combined with a 
dispersion material ; J and 

wherein each of said primary particles have a size within the 
range of about 1 nanometer to about 500 nanometers. 



bali 



particles a 
the 

agglomeration 
plurality of 



77. The metal matrix composite /of claim 76 wherein said dispersion 
material is selected from the gramp consisting of oxides, nitrides, 
carbides, borides, and hydrides./ 

78. The metal matrix composite of claim 77 wherein at least about 
75% by mass of saickmebckL matrix composite is comprised of said 
encapsulated primaryV mafrtaScle agglomerations. 

79. The metal matrix Vfcompos/ite of claim 78 wherein at least about 
95% by mass of said metail matrix composite is comprised of said 
encapsulated primary particl/e agglomerations. 



